The present study is attempted to identify the determinants of migration in India. was used and decoded to elicit householdlevel information. A multi-criteria approach was adapted to the analysis of the data. The study's findings revealed that about 70% of migrated people are illiterate, while 57% of migrated people were agricultural laborers. The multi-criteria analysis results for permanent migration revealed that farmers belong to the rural area, having a land size less than two hectares, belonging to the Hindu religion, are likely to migrate permanently. Also, illiteracy, marital status, low consumption expenditure in rural areas, rainfall, and minimum temperature motivate farmer's decision to adopt migration as an ultimate coping strategy against climate change. As far as grass-root policy interventions are concern, it is suggested that in rural areas, where unemployment has the main driver for migration, a proactive social protection programme, i.e., MGNREGA can be part of a proactive approach to managing climate-induced migration. Climate change as a cause of migration is uncertain and contextual. This necessitates the inclusivity of local populations in decision-making wherein their perceptions and responses are democratically represented and not merely channeled into participatory processes.
INTRODUCTION
There is a growing scientific consensus that changes in the climate system will increase the likelihood of severe, pervasive, and irreversible impacts on people and ecosystems [1] . Among a plethora of adverse effects of climate change, the IPCC report [1] projects an increase in the displacement of people. The report further warns that displacement risks will especially increase for people in developing countries that lack adequate resources to plan their migration in cases of extreme weather events or long-term climate variability. As per the current data, an estimated 33.6% of India's population lives in over 51, 00 urban centers [2] . India is also recognized one of the most vulnerable and multihazard, risk-prone countries in the world. Rapid population growth, high population density, poverty, and high differentials in access to housing, public services, and infrastructure have increased the vulnerability of India's urban regions [3] . Further, the increasing frequency and intensity of adverse effects of climate change are expected to deteriorate the resilience and coping capacities of poor and vulnerable communities, who form 25-50% of the population in most of the Indian cities.
Migration: An Adaptation or Crisis
Migration is a complex and multifaceted reality. People who migrate are motivated by several reasons viz. economic and social incentives, conflict and political instability etc [4] [5] [6] [7] . Family reunification, better education opportunities and the effects of climate change; natural hazards are also significant drivers of rural migration [8] . People may also migrate because they have no other viable option to sustain their livelihoods in their place of origin [9] . Exploring the linkages between migration, agriculture, food security, and rural development requires a deeper understanding of factors influencing migration and of the many interactions they have with each other. Therefore, the quantification of drivers is essential before linking climate change to migration. After an in-depth literature review, we found three broad reasons, viz., economic, social, and environmental that influences an individual to adopt migration as a coping strategy. However, migration does not always secure livelihoods in the new system; sometimes, it makes more vulnerable to the people.
In the developing economies, migration has brought a crisis in most of the cases. Firstly, the lack of financial resources and individual family indebtedness can make it difficult to rebuild lives at receiving location, whether displaced or migrated [9] . Secondly, the urban area is now new micro engines of economic development, while in rural areas, persistent high poverty, hunger, malnutrition, and unemployment are vital factors influencing migration. Thirdly, poor community and weak networks due to lack of trust may reduce hazard warning and adequate information dissemination. Fourthly, visitors newly displaced or migrated persons without established social networks may be more vulnerable to hazards [10] . Fifth, the migration of some family members can lead to greater vulnerability for women and children left behind to manage households [11] . Sixth, creeping environmental stress, pollution, overuse of water resources, deforestation, grassland overgrazing contributes to the physical loss of land and reduces the viability of natural resourcedependent livelihoods such as farming and pastoralism [6] . Seventh, migration does not provide assurance to migrated people that he or she will easily get employment leading to a reduction in income and livelihood instability [12] . Lastly, poor housing, settlements or infrastructure amongst the migrated population may lead to increased hazard exposure [7] .
On the contrary, farmers who consider migration as an adaptation strategy infest prosperity and stability in their lives. Firstly, migration has developed strong kinship networks, which provide cash or other support to recover after [13] . Secondly, strong community-based networks have better disaster preparedness [5] . Thirdly, networks also enable the sending of remittances, allowing the remaining family to recover from hazard shocks [14] . Fourthly, strengthen access to services such as education and sanitation [15] . Fifth, well-functioning ecosystems continue to provide water, waste filtering, and buffering against hazards, such as mangroves and coastal wetlands are slowing storm surge [16] . Sixth, the hazard-resilient infrastructure viz., roads, waste-water treatment plants, and housing are sustained minimal damage during hazard and facilitated homecoming after displacement or migration [17] . Eighth, out-migration from degraded areas can reduce ecosystem pressure and contribute to restoration if accompanied by good governance and support for land tenure and environmental conservation [18] .
Variability in Rainfall, Food Security and Migration
In India, the rainfall pattern is now less predictable and more intense [13] . The number of rainy days has declined on one hand while the intensity of heavy rainfall events has increased on the other. Monsoon pattern is changing towards the early Rabi cropping season (postmonsoon period). In India, the rainfall pattern is closely associated with the livelihoods of more than 50% of the population. Ramanathan et al. [19] find that the monsoon rainfall deficiency exceeds 10 percent and affects more than 20% of the country area. Regional variations in rainfall are more intense. Monsoon rainfall has increased up to 10% along the West Coast, north Andhra Pradesh and northwest India also. Frequencies of drought events have observed in eastern Madhya Pradesh and the adjoining areas, northeast India, and parts of Kerala and Gujarat [20] . More specifically, in the country as a whole, the frequency of long rainy spells has decreased, and the frequency of the short rainy spells, dry spells, and prolonged dry spell has increased [21] . Adverse climate changes such as heatwaves, droughts, and floods have a strong impact on rural livelihoods that depend heavily on natural resources and the agricultural sector [22] . India has witnessed 23 extreme droughts and 14 flood years since 1901 ( Fig. 1 ). Climate impacts such as droughts frequently lead to food insecurity and famines, especially in the African and Asian continents under the condition of high agricultural dependence and lack of technological infrastructure (e.g., irrigation). In order to regain food security, households may first employ in-situ (in place) adaptation strategies such as selling surplus items or drawing on formal and informal assistance [23] . Concomitantly or when in-situ adaptation strategies have failed, households may attempt to regain food security by reducing expensive international moves and increasing their allocation of labor to food production on the family farm to meet subsistence requirements.
Variability in Temperatures and Migration
The effect of global climate change is likely to influence social and environmental systems [1] . Households commonly seek to provide for the needs of their members against disruptions coming from the climate, market economy or other factors. Further, household response aimed at reducing livelihood insecurity and social vulnerability is rural out-migration. Within the recent literature on climate change and migration, the impact of the increasing average surface temperature on agricultural productivity has been indicated as a possible key factor for the decision to migrate [24] [25] [26] [27] . Because agriculture is the main source of income and employment in the rural areas of developing countries, where the majority of migrants 
MATERIALS AND METHODS

Data Sources
In this study, we have obtained data from the 64 In this survey, information on various facets of employment and unemployment, as well as on migration in India, has been collected through an extensive and detailed interview schedule.
The weather data for all districts of India over the past 20 years preceding the year 2007-08 (the year to which the NSSO data corresponds) has based on the gridded data of 1*1 latitude/ longitude resolution for temperatures and rainfall. The rationalization for including weather variables in the empirical analysis is to understand the effect of each weather variable on migration.
Estimation Methods
In this study, we have adopted the multi-criteria analysis (binary logistic model) to determine the factors that influence an individual to adopt migration as an adaptation strategy to cope with climate change or natural disasters.
Where i donate the i th observation in the sample and P i is the predicted probability of an individual's migrated, which is coded as a dummy variable with the value of 1 when an individual migrated and 0 otherwise (1-P i ). is the intercept term, and are the coefficients associated with each explanatory variable.
. The term indicates the odds ratio. The coefficients in the binary logistic regression were estimated using maximum likelihood estimation method. Further, descriptive statistics have also used to understand the socio-economic dimensions of migrants and non-migrants.
Dependent variable
Respondent perception as a dependent variable was used as a dummy variable represented 1 when a respondent chooses migration as an adaptation strategy to cope with climate change and 0 when the respondent does not migrate.
Independent variable
In the area of adaptation studies, the household characteristics, the institutional factors, and the environmental attributes have usually used to understand the factors that determine respondent's perception of climate change [29, 30, 31] . In this study, following variables have hypothesised to influence respondent's perception of climate change: (i) sector, (ii) land size, (iii) religion, (iv) social group, (v) technical education, (vi) general education, (vii) marital status, (viii) gender, (ix) age, (x) consumption expenditure, (xi) rainfall, (xii) minimum temperature and (xiii) maximum temperature.
RESULTS
Descriptive Statistics
Descriptive statistics provide in-depth dynamics of the social and economic structure of society (Table 1) . 
Dynamics of Migration
Opportunities in the urban area for employment, education, better livelihoods, social security have been a pull factor, i.e., attracting migrants from rural to urban areas and from smaller towns and cities to larger urban areas in India. Nearly 70% of people are migrating towards urban areas to cope with poverty, hunger, and natural hazards, i.e., floods, drought, and cyclones. However, lack of proper housing conditions, sanitation, and water are the main influencing factors behind reverse migration (urban to rural).
Also, migrated people from rural areas do not have adequate skills to work in the ultramodern factories, which motivate them to return to their original habitat. 
Reasons for Migration
It seems from Table 2 that reasons for migration for males and females show a distinct pattern. Firstly, females in both rural and urban areas migrate due to marriage. More than 90% of rural female migrants and more than 60% of urban female migrants cited marriage as the reason for migration. Secondly, for urban females, migration of parent/ earning member of the family was the next major reason for migration, accounting for nearly 29% of total urban female migrants. Thirdly, the reason for migration for the male migrant, on the other hand, is dominated by employment-related reasons in both rural and urban areas. Nearly 29% of rural male migrants and 56% of urban male migrants had migrated due to employment-related reasons. Fourthly, migration of parent/earning members of the family also significantly induced male migration in both the rural and urban areas. For nearly 22% of rural male migrants and 25% of urban male migrants, migration of parent/earning member of the family was the reason for migration. Fifth, nearly 11% of rural male migrants and 7% of urban male migrants cited studies (pursuing education) to be a reason for migration. Lastly, the natural disaster also has a reason for migration, 24% of rural male migrates, and 4% of urban male migrants listed it.
Natural Disasters and Migration: The Nexus
Migration is not only a response to poverty and social deprivation but also an adaptive response to changing climate [32] . Extreme weather events, droughts, floods, sea-level rise in particular and environmental degradation in general, are major consequences of climate change [1] . These changes are causes of short or long-term migration due to loss of climatesensitive occupation, i.e., agriculture and low adaptive capacity (lack of basic amenities) in South Asia, including India [33] . Most developing countries face resource constraints in meeting the demands of high populations and thus have a low adaptive capacity [32] . To cope with climate change, households may reduce expenditure on non-essential goods, use formal and informal credit or draw on public assistance. Alternatively, or in conjunction, households may send a family member elsewhere to access alternative income sources for remittance to the origin household. In the absence of group-based mitigation activities and spatial and coping strategies, migration can be an important adaptation strategy for households to adapt changing climate. 
Remittance
A household may use the remittances for more than one purpose, for each household, information on the use of remittances was collected for three purposes, viz., household consumption expenditure, economic activities, and others. A total of 12 purposes were identified for the collection of information on the use of remittances and to study the pattern in the use of remittances by the recipient households. It is seen that household consumer expenditure in both rural and urban areas, was the prime use of the remittances, with nearly 95% of the households in the rural areas and 93% of the households in the urban areas reporting use of the remittances for household consumer expenditure purpose. Moreover, among all the components of household consumption expenditure, a very higher proportion of the households (76% in the rural areas and 71% in the urban areas) reported use 'on food items'. A significant proportion of households in both the rural and urban areas had used the remittances for health care, viz., 38% of the rural households and 36% of the urban households. Education of household members is also featured as one of the main uses of remittances (nearly 31% of the rural households and 34% of the urban households reported use for 'Education of household members'). The next important purpose for which remittances were used was for 'debt repayment' for rural households (10% of the rural households had reported use for debt repayment) and 'saving/investment' for the urban households (nearly 13% of the urban household had used the remittance for 'saving/investment').
Household Consumption Expenditure: Pre and Post-migration Analysis
The entire spectrum of human activity falls into two categories, viz., economic activities, and non-economic activities. Any activity resulting in the production of goods and services that adds value to the national product was considered as an economic activity for the survey on employment & unemployment and migration particulars. Such activities included the production of all goods and services for the market (i.e., for pay or profit), including those of government services, and the production of primary commodities for own consumption and own-account production of fixed assets. Table 5 revealed that in India as a whole, consumption expenditure has been declined after migration. Regional analysis results show a win-win situation or loss-loss situation. In most of the states, except Assam, Bihar, Delhi, Gujarat, Himachal Pradesh, Madhya Pradesh, Tamil Nadu, Tripura, and Uttar Pradesh per capita consumption expenditure has been declined. Therefore, in the aforesaid state's migration worked as an adaptation strategy to cope with climate change. On the contrary, migration in the Andaman& Nicobar, Chhattisgarh, Haryana, Kerala, Maharashtra, Orissa, Pondicherry, Punjab, Rajasthan, Uttaranchal, and West Bengal worked as a crisis.
Determinants of Migration
In India, migration reveals two broad patterns, viz., seasonal or temporary and permanent. Therefore, this study aims to understand what factors motivate farmers to adopt migration as an ultimate solution to cope with climate change.
Multi-criteria analysis (binary logistic regression) results show that farmers belong to scheduled caste and scheduled tribe caste and having age above 16 years, perceived that maximum temperature is increasing and they are likely to migrate (temporarily) to a semi-urban and urban area to cope with climate change or natural disasters. Also, multi-criteria analysis results for permanent migration revealed that farmers belong to the rural area, having a land size less than two hectares, belonging to the Hindu religion are likely to migrate permanently. Further, illiteracy, marital status, low consumption expenditure in rural areas, rainfall and minimum temperature influence farmer's decision to adopt migration as an ultimate coping strategy against climate change. 
DISCUSSION
Climate-induced migration has typically been considered a livelihood or survival strategy under adverse and extreme climate conditions. Due to uncertainty related to climate-sensitive occupations, households engage in livelihood diversification, a major coping strategy for various economic and environmental challenges. Remittances are the most obvious factor in enhancing the capacity of households to adapt to stress. This increase in income from diversified livelihood sources allows farmers to enhance their adaptive capacity to cope with climate change. In addition to generating a certain expected income, migration provides opportunities to acquire knowledge on new techniques and farming practices to enhance agricultural income. Moreover, remittances from the host region reduce credit constraints on the adoption of adaptation strategies, thus scaling up the adaptive capacity and resilience of the home region.
On the contrary, due to substantial economic, social, and legal barriers, migration is thus correlated with vulnerability: the most vulnerable people often have the least capabilities to migrate [23] . Also, they find that investment migration is up to four times more expensive than distress migration. Further, migration is costlier for poorer and less educated households. Results are in the lines of our analysis wherein migration is relatively expensive for the economically weaker group. It underlines that distress migration usually is a strategy of relatively poorer households, while investment migration is more likely a strategy of better-off households. Further, migration can also increase vulnerability and reinforce poverty. This is especially true for migrants settling in urban and coastal areas. These areas are often highly exposed to climate change impacts, such as floods and storms, and lack access to basic public services such as clean water, proper housing and sanitation [34] .
CONCLUSION AND POLICY IMPLICA-TIONS
In this study, we have made an attempt to examine the role of migration as an adaptation strategy against climate change or has brought crisis and increased livelihood vulnerability. Migration is multidimensional and multi-functional in nature, therefore, we have quantified that farmers migrated due to natural disasters by downscaling sample size. Downscaled results reveal that out of all the states and union territories, 17 states and 3 union territories farmers have adopted migration as an adaptation strategy. Regional analysis results show a winwin situation or loss-loss situation. In this study, it is clear that remittances present reasonable funding opportunity at the local level in India. Remittances could offer faster and costeffective means of adapting to climatic shocks given that government-led programmes often take a post-climate shock approach. Specifically, this study finds that significant parts of remittances are used for consumptive purposes compared to investment in stock adaptation projects (infrastructure and investment portfolios). Additionally, it noted that household that invest remittance income in climate resilient enterprises is more likely to reduce their exposure to climate risk over an extended period compared to those that spend on smoothing their consumption. Further, remittances could help close the financial exclusion gaps given the fact that some recipients save their funds with microfinance institutions. Again, there is evidence that remittances absorb part of the economic losses owing to climate-related natural disaster, thereby lessening relief service required from local and central government.
With these evidences, this study provides a useful guide towards identifying states where migration worked as an adaptation or brought the crisis. Therefore, in rural areas, where unemployment has the main driver for migration, a proactive social protection programme, i.e., MGNREGA can be part of a proactive approach to managing climate-induced migration. Public employment programmes can create assets that enhance livelihood opportunities and explicitly address the impacts of climate change in both rural and urban areas and places of origin and destination [35] . It can be an important starting point to address acute distress, initiate adaptation in the rural and urban area, and to facilitate migration as an adaptation strategy. Further, remittances significantly support adaptation should provoke a new global debate on climate refugees, as these migrants are more likely to contribute to building the adaptive capacities of many households that for some reasons decide to accommodate the impacts of climate change and not retreat, i.e., migrate [36] . Despite these complexities and sensitivities, there is a need for these vulnerable states to integrate human mobility into national plans and policies, as well as to collect and disseminate data on migration and displacement to better understand vulnerabilities and to design appropriate and durable solutions. Data collection agencies need to be sensitized about climate change as a plausible driver for migration amongst already existing drivers. Institutional capacities need to be strengthened for understanding these issues so that when data are collected on the ground, there is background and knowledge about this issue [37] . Lastly, climate change as a cause of migration is uncertain and contextual. This necessitates the inclusivity of local populations in decision-making wherein their perceptions and responses are democratically represented and not merely channelled into participatory processes.
